Groundwater provides nearly 50 percent of the Nation's drinking water. To help protect this vital resource, the U.S. Geological Survey (USGS) National Water-Quality Assessment (NAWQA) Project assesses groundwater quality in aquifers that are important sources of drinking water (Burow and Belitz, 2014). The Basin and Range basin-fill aquifers constitute one of the important areas being evaluated.
Overview of Water Quality
Principal Aquifer Studies are designed to evaluate groundwater used for public supply prior to any treatment. Groundwater quality is assessed by comparing concentrations to benchmarks established for drinking-water quality. Benchmarks and definitions of high, moderate, and low relative concentrations are discussed in the inset box on page 3.
Many inorganic constituents are naturally present in groundwater. The concentrations of inorganic constituents can be affected by natural processes as well as by human activities. One or more inorganic constituents with humanhealth benchmarks were detected at high concentrations in about 20 percent of the study area and at moderate concentrations in about 49 percent.
Organic constituents derived from human activities are found in household, business, industrial, and agricultural products. They can enter the environment through normal usage, spills, or improper disposal. Organic constituents were not detected at high concentrations in the study area. One or more organic constituents with human-health benchmarks were detected at moderate concentrations in about 3 percent of the study area. 
Inorganic Constituents with Human-Health Benchmarks
Trace elements and major and minor ions are naturally present in the minerals of rocks, soils, and sediments and in the water that comes into contact with those materials. Samples were analyzed for 34 trace elements and major and minor ions, of which 19 have human-health benchmarks. Constituents from this group were detected at high concentrations in about 20 percent of the study area (the depth zone used for public supply) and at moderate concentrations in about 40 percent. Arsenic was the trace element most frequently detected at high concentrations (13 percent) and at moderate concentrations (35 percent). Fluoride was detected at high concentrations in about 7 percent of the study area. Manganese, molybdenum, and uranium each were measured at high concentrations in about 3 percent of the study area. Fluoride, manganese, molybdenum, and strontium each were measured at moderate concentrations in 5 to 6 percent of the study area. Uranium was measured at moderate concentrations in 1 percent of the study area.
Radioactivity is the release of energy or energetic particles during the spontaneous decay of unstable atoms. Humans are continuously exposed to small amounts of natural radioactivity. Most of the radioactivity in groundwater comes from the decay of isotopes of uranium and thorium that are naturally present in minerals in aquifer materials. Samples were analyzed for eight radioactive constituents, of which four have human-health benchmarks. No radioactive constituents were present at high levels in the study area; moderate levels of radioactive constituents, mainly gross alpha activity or radon, were measured in about 15 percent of the study area.
Nutrients are naturally present at low concentrations in groundwater; high and moderate concentrations (relative to human-health benchmarks) generally result from human activities. Samples were analyzed for five nutrients, of which two have human-health benchmarks. Common sources of nutrients, aside from soils, include fertilizer applied to crops and landscaping, seepage from septic systems, and human and animal waste. Nutrients were not present at high concentrations in the study area. Nitrate was the only nutrient detected at moderate concentrations, which were measured in about 9 percent of the study area. Many of the moderate concentrations were in the southern part of the study area, the Sonoran Desert area of southwestern Arizona and southeastern California, where nitrogen fixation by desert legumes could contribute to naturally elevated nitrate concentrations (Walvoord and others, 2003) .
Inorganic Constituents and Field Measurements with Non-Health-Based Benchmarks
(Not included in water-quality overview charts shown on the front page) Some constituents affect the aesthetic properties of water, such as taste, color, and odor, or can create nuisance problems, such as staining and scaling. The benchmarks used for these constituents were non-regulatory secondary maximum contaminant level (SMCL) benchmarks established for public drinking water. Some constituents, such as manganese and fluoride, have human-health benchmarks and SMCLs. Samples were analyzed for 11 constituents that have SMCLs. One or more of these were present at high concentrations or values relative to the SMCL in about 36 percent of the study area and at moderate concentrations in about 33 percent.
Total dissolved solids (TDS) concentration is a measure of the salinity of the groundwater based primarily on concentrations of ions, and all water naturally contains TDS as a result of the weathering and dissolution of minerals in rocks and sediments. Concentration of TDS can be high because of natural factors or as a result of human activities, such as applications to the land surface of road salt, fertilizers, or other chemicals in urban or agricultural areas. Most of the study area had high (32 percent) or moderate (36 percent) concentrations of TDS. In the Basin and Range basin-fill aquifers, elevated concentrations of TDS might reflect natural sources from mineral dissolution and evaporative concentration, as well as sources from human alterations of groundwater flow systems and excess irrigation water (Thiros and others, 2014) . Chloride and sulfate were present at high concentrations in about 12 and 13 percent of the study area, respectively, and at moderate concentrations in 10 and 14 percent, respectively. Fluoride was present at high concentrations relative to the SMCL in about 12 percent of the study area, and at moderate concentrations in 8 percent.
Anoxic conditions in groundwater (low amounts of dissolved oxygen) can result in the release of iron and manganese in minerals to the groundwater. Manganese was present at high concentrations relative to the SMCL in about 8 percent of the study area. Iron was present at high concentrations relative to the SMCL in about 1 percent of the study area and at moderate concentrations in 3 percent.
In some areas of the Basin and Range basin-fill aquifers, the pH of the groundwater was not in the SMCL range of 6.5 to 8.5. The pH was greater than 8.5, which is alkaline, in about 6 percent of the study area. 
Results: Groundwater Quality at the Depth Zone Used for Public Supply in the

Volatile Organic Compounds with Human-Health Benchmarks
Volatile organic compounds (VOCs) are present in many household, commercial, industrial, and agricultural products and are characterized by their tendency to volatilize (evaporate). Samples were analyzed for 90 VOCs, of which 38 have human-health benchmarks. No VOCs were detected at high concentrations; VOCs were detected at moderate concentrations in 3 percent of the study area. Compounds detected at moderate concentrations were the fumigant 1,2-dichloropropane and the solvent tetrachloroethylene.
Pesticides with Human-Health Benchmarks
Pesticides, including herbicides, insecticides, and fumigants, are applied to crops, gardens and lawns, around buildings, and along roads to help control unwanted vegetation (weeds), insects, fungi, and other pests. Samples were analyzed for 227 pesticide compounds (pesticides and their breakdown products), of which 119 have human-health benchmarks. Pesticide compounds were not detected at high or moderate concentrations in the study area.
BENCHMARKS FOR EVALUATING GROUNDWATER QUALITY
The USGS NAWQA Project uses benchmarks established for drinking water to provide context for evaluating the quality of untreated groundwater. The quality of water received by consumers can be different, because after withdrawal, groundwater may be treated prior to delivery. Federal regulatory benchmarks for protecting human health are used for this evaluation of water quality when available. Otherwise, non-regulatory human-health benchmarks and non-regulatory aesthetic benchmarks are used. Not all constituents analyzed have benchmarks and, thus, are not considered in this context. Out of 55 inorganic constituents and properties and 317 organic constituents, 24 and 157, respectively, have human-health benchmarks.
Concentrations are considered high if they are greater than a human-health benchmark (Toccalino and others, 2014) or SMCL. For inorganic constituents, concentrations are moderate if they are greater than one-half of a benchmark. For organic constituents, concentrations are moderate if they are greater than one-tenth of a benchmark; this lower threshold is used because organic constituents are generally less prevalent and have lower concentrations relative to benchmarks than inorganic constituents (Toccalino and others, 2004) .
Benchmark Type and Value for Selected Constituents
This table presents benchmarks for those constituents detected at high concentrations in the Basin and Range basin-fill aquifers. Benchmark types are regulatory U.S. Environmental Protection Agency (EPA) maximum contaminant levels (MCLs), non-regulatory health-based screening levels (HBSLs), and non-regulatory EPA secondary maximum contaminant levels (SMCLs). 
PERCENTAGE OF STUDY AREA
Constituent
Spatial Distribution of Constituent Concentrations Above Human-Health Benchmarks
Inorganic constituents with human-health benchmarks were present at high or moderate concentrations in 69 percent of the Basin and Range basin-fill aquifer study area. The distribution, however, varied from a low of 30 percent in Utah/Idaho to a high of 82 percent in California; the distribution in Nevada and Arizona, 75 and 71 percent, respectively, were similar to California. Individual constituents present at high or moderate concentrations were also not the same across the study area and varied by State. Arsenic, fluoride, molybdenum, manganese, and uranium exceeded human-health benchmarks for some samples in California and Arizona (generally the southern part of the study area), whereas only arsenic exceeded human-health based benchmarks in Nevada and Utah/Idaho (generally the northern part of the study area). There were no high or moderate concentrations of fluoride or uranium in samples from Nevada and Utah/Idaho and only low or moderate concentrations of molybdenum and manganese. These differences in water quality across the multistate study area could reflect differences in the composition of rocks and sediments that compose the aquifers, the distribution of developed land uses, and other factors. DeSimone and others (2014) . A regional synthesis of water quality for basin-fill aquifers of the Southwest, including the Basin and Range basin-fill aquifers was reported by Thiros and others (2014) . This fact sheet provides a summary of PAS data for 78 public-supply wells sampled in 2013 in the Basin and Range basin-fill aquifers (data available in Arnold and others, 2016) .
The PAS assessments like this one allow for the comparison of constituent concentrations in untreated groundwater with benchmarks established for the protection of human health and for aesthetic qualities of drinking water and also provide a basis for comparison of groundwater quality among the principal aquifers.
The data collected by NAWQA include chemical analyses generally not available as part of regulatory compliance monitoring, including measurements at concentrations much lower than the levels used as human-health benchmarks, and measurements of constituents that can be used to trace the sources and movement of groundwater.
For more information
Technical reports and hydrologic data collected for the USGS NAWQA Project may be obtained from:
